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HOE: RETHEE AR RS, R 16S rRNA JEFP T Nlumina JFH A, WITFERALE ERAEX R HAL
REEARER S HCAE X - 34N B8 W AR SRR PE R s . S5 5R3R0H . KIDIFGEHLAE B BN T 38 pH, A HLAEAY R FE T AR
TS, KA HUIC AR FHE H ] DL 5 R A MU RS o & . FEA AR T, A AU R IR
WEBER R, BHARN SR BEZER, 7ESLHT, 2L HEI T (Proteobacteria) . FRATH [ ](Acidobacteriota) F14% 25 1 ]
(Chloroflexi)¥ y F- B = 2R, H YA BAAILSS, DB EE REEIG N, WRAT B 1A% = BE 00 i 3 0si b . @i
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Impact of Partial Replacement of Chemical Fertilizer by Organic Fertilizer on Soil Bacterial

Sub-communities in The Wheat-Maize Rotation System of Northern Anhui

PENG Jingxuan', CHEN Lingjie', XU Chang', LIU Qin', GAO Zhuangzhuang', LI Xiaoliang">*, WANG Jianfei'**

(1 College of Resource and Environment, Anhui Science and Technology University, Fengyang, Anhui 233100, China; 2 Anhui
Agricultural Waste Fertilizer Utilization and Cultivated Land Quality Improvement Engineering Research Center, Fengyang,
Anhui 233100, China)

Abstract: In this study, soil samples were collected from seven different long-term treatments in the maize-wheat rotation area of
northern Anhui. The 16S rRNA gene amplicon sequencing using Illumina technology was used to investigate the effects of
organic fertilizer substitutions for partial chemical fertilizers on soil bacterial sub-community characteristics and physicochemical
properties. The results showed that long-term application of chemical fertilizers significantly reduced soil pH, while the use of
organic fertilizer could mitigate soil acidification. In addition, the long-term application of organic fertilizers and straw returning
significantly increased the contents of soil organic matter and available nutrients. In terms of bacterial sub-communities, the
substitution of organic fertilizer for partial chemical fertilizers did not significantly alter their diversities but significantly changed
their compositions. Proteobacteria, Acidobacteriota, and Chloroflexi constituted the dominant phyla under all treatments.
Proteobacteria significantly increased while Acidobacteriota significantly decreased in abundance when organic fertilizer partially
replaced chemical fertilizers. Analysis of Levins' niche breadth index revealed that the ecological niche breadth of abundant taxa
was considerably higher than that of rare taxa. The results of Mantel tests and RDA showed that pH significantly influenced both
abundant and rare bacterial sub-communities, with rare taxa demonstrating a greater sensitivity to environmental factors.

Key words: Organic fertilizer substitution for chemical fertilizer; Bacterial sub-communities; Community structure; Niche

breadth; Driving factors
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HHEZEET, BREW, AIUEPEE AR
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fR NIRRT AR IO A U AR BT, 9%
M7, AN = S5 40 B S ] RE XA HILAE 5 Ak BES f g )3
AR, KRR e A S M AR AR
S BAT WG OO ARG A T T 2, (B AL
P8 A I T - 458 200 TR SRR 2 5 il 1 AU A
FEANJE o HIR W B 22 500 5 45 rb A AL it FH 1 e
SN, T X S5 M AR A AR R R BT S A
AR ZS A Ff BT A B A0 R I B R Y TR AR T A
NERZ AT S 2 A AN P e g S
R ZE KR, WA, WEHEEK, I+ pH
T, XF A W) 2o W 1 B T P Ak 2 S A
PR R 2 F T i 8 R 28 Aol LAV T e
Y Es R i T — 9. B2, BFEA HLIE XS AN [H]
- AN WA AR R, T G AR B RN 2 T
Aelb A P aT Rt B R X

FH I, A5 2 T2 s B BT I SR B Rl B2
WFFE T HEAT AR EE )30, DA 7 A [ it A A P
Jiti B R AR BRI HEATINE , R 16S rRNA JE[H
P38 I AR A T4, ARAE T R R AR A B i
X HERRAME TR AR A Y B2, LA SAN ) = 5 20 TR A
AYRRIE R L BRI R, PRFE T ANIR] 3 B A v 2
SR A B2 [ R AR IR R, DANRAE P A R
98t A A 1R B A

1 #RE7EZE

1.1 R Ia LR

A FEIKAT LA B BT I SR B RO Bl 2 A 5T
SRR T AR R, 1R IR 1A T 2010 4. K56
DX Ji T R P R R 2 Y e U M X, AL A
P T, H R SE R, DO, P IR 12 °C
X A 22 C L, AR 15 Co RHERAD,
WERBL, PHET X /N -F R EeAE ., X5 ET 1

AR TR . FRTT R 7051 9.97%, BkLit
OYH47.88%, ORI R 42.15%, +HEpH 5.72,
A MRS HE 7.33 g/kg, BfREA S 80.1 mg/kg, AAK
Wi 16 my/kg, BALE SR 116.70 mg/kg, WS
2 0.36 g/kg.

1.2 gkt

BERIEY) . N R IR R 12 5, #fh i
N 225 kg/hm®; FOKREFRHEHR 968, FEFEA
75 000 i/hm?,

BERERE . JREN 460 g/kg, ZRRTRIL T 4
HABRAT) . i BEFRES(P,05 160 g/kg, =AM IH
M F b TAHBRA ). #RH (K,0 500 g/kg, L
AE LT AHRARWE THY; HBEAIEN
16.4 g/kg. P,0536.0 g/kg. K,0 11.0 g/kg, AL =
450 g/kg)rh BFH SCE RN A BRAS Bl R4, AERRE D
UES R BE A AR (2017)MET- 54965 A5 FFIE 2GR b R o
el RzE gL
1.3 Rt

IRIR HBENLIX 41T, deied 7 b, A~
APR 4 WS . 7 AREERLSR I A M R (CK) . AR
(T1), FLAE+FSFFA H(T2), 70% fLAE+3 000 kg/hm?
HHLUIE(T3). 70% FLAE+3 000 kg/hm? A HLAE+FEFT 8
FH(T4).50% FLAE+6 000 kg/hm? A HLAE(TS) . 50% 1k
AE+6 000 kg/hm® A HLAL+HFEFFIE [ (T6), I FEFFIE
H 2 fE e . AL = ANk 1 PR,
14 TEHMRESLIE

T 2023 4F 6 H/NEBGAHR T 9 UL TR
AS/NXBEHLZER 9 A8, F H4REE 0~20 cm H4f,
TR GG KR A Y AEIMR RS, —H o
BT 20 C UKFAIRAEHT 13 DNA $2H, —#85
O N =N O 179 = 3 S il we = B o
1.5 1% DNA 1ZEXFA 16S rRNA EREF

FAFEMFRE 0.3 g, HHE E.ZN.A. soil il &
(Omega Bio-tek, Norcross, GA, U.S)AYULAAA3EFT
& DNA 20, DNA Bk M4t R NanoDrop
2000 FEATRCIN, DNA $EHU SR 1% B3R
JE L K AT IAE . ) 338F (5’ACTCCTACGGGAGG
CAGCAG-3") il 806R (5'-GGACTACHVGGGTW
TCTAAT-3") 51¥%F V3 ~ V4 nJZ8 X 4T PCR ¥~
i, PCR JH{KZR (20 pL)Ky: 4 uL Y 5xFastPfu
Buffer, 2 uL A 2.5 mmol/L dNTPs, IiE [ 5]#)
(5 pmol/L)0.8 pL, S5 [#)(5 pmol/L)0.8 pL, 0.4 pL
[ FastPfu Polymerase, 0.2 uL ) BSA, 10 ng 1 DNA
b, F ddH,0 #MEZE 20 uL. PCR SWfE ABI

http://soils.issas.ac.cn



88 + e 85785
F1 FELENERE
Table 1 The application rates of fertilizers under different treatments
szl Lb JIE ek A4 Je A 2 (kg/hm’)
fts IR % 3o B R FEFF AL
%% EARFE FFE OEARFE EZFE OEKFE FFE OEAFE EFE OEAKF
CK = 0 0 0 0 0 0 0 0 0 0
T1 fae 652.17  543.48 750 28125 200 90 0 0 0 0
T2 ANE+FEF I8 H 652.17 543.48 750 281.25 200 90 LB L 0 0
T3 70% 4bAE+3 000 kg/hm® A~ 456.52  380.43 525 196.88 140 63 0 0 3000 3000
HLAE
T4 70% 4LAE+3 000 kg/hm® A~ 456.52  380.43 525 196.88 140 63 Ag 4 3000 3000
BB+ FT 8 1
TS 50% {LA+6 000 kg/hm? A 326.09  271.74 375 140.63 100 45 0 0 6000 6000
HLAE
T6  50% {LA+6 000 kg/hm? A 326.09  271.74 375 140.63 100 45 Ag 4 6000 6000
HUIE -+ FF 18 H

GeneAmp 9700 PCR X _Lit47, K 5 4:95 'C T
A%PE 3 ming 95 °C A8 305, 55°C Bk 30s, 72°C
GEfH 45 s, 27 DMEH; 72 CAEIEH 10 min, £2J5 10°C
TRAE 3Gy i i 5875 A= W s 25 B IR\ 7E
Miseq PE300 V- &5 I #E47 e i 05 o
1.6 TEAXFHRNE

R S AH G F8 B 0 52 vk Y, AT A e
pH . A HLIF(SOM), & &(TN) . W (TP). £4(TK).
B (NHG-N) A 2508 (AP) R R0 (AK) &5 8t (19
W 5E .
17 SEEHESH

JE LRI 5 20k QIIME WAR(MUA 1.9.1)#4T
AbEUON B, N Cutadapt(V1.9. DA TP
F e, SIBRBE/INF 150 bp HAV-S408 5L i it
SEURT 20 (FE, BT S EE R T BE
%, R UCHIME SR B SIBs#A esI bi
Jii , 76 QIIME ~F-& 1, f| HH UCLUST T.HA%H =97%
HIAR L BEAREXT T 9 A TSRS, TE AT R 2 2 0T
(OTU); %, {#if Mothur T EX[4 OTU #4711 B
FIS3HT, st Silva B8 % (https: //www.arb-silva.de/)
RS OTU M5 R, IEXT&HAT OTU iy
FEREPE AR,
1.8 SitMEMEEESH

HRE ARG, AR BI04 D R % e R v 3 B R
VAW N b S e N oy S = ST L A EPO S S
KFETEFH 0.1% 1 OTU #E X “FH 5 M
WHE”, /INFEFS] 0.01% [ OTU #iE X “Fify
Zm%%ﬁ" [20-21]O

ARSI I GE 50 AT, ¥l R studio THAYA

AL GEET R RRAS 3.6. D)FEAT . S itAli 4 A 1Y
o ZFEME, B RIESHAY “Vegan” £, 718 Chaol
F1 Shannon 5 B08f B V% 10 - BE R 2 AR, JFR
D5 2553 A KR 22 071 Rl ARG 50 o) 45 4[] 2 S5 A 7 ik
FERG P A, HET Bray-Curtis BHES, #EfT3
AARIIHT(PCoA), LIE/RANEWRE B 2RV AL
Z5, il “Vegan” H ) Adonis TIEEHITIES
2075 22501 (PERMANOVA), PLifk— 1 x st
ZRMGI B P, RN ERERT
Kruskal-Wallis B (A4, J5@ i Wilcoxon BRI %
Xt 45 UL 2 TR AT O HAR B TR AL A SR AR
i Bray-Curtis FEEIAEFE, RH] UPGMA EIREHRKE
SERLO, WIRR AR A TERE BT, ARBESER A Wu
SRTWBFI ik, H Levins A 98 EHEBE R
Mantel K56 FH FHR 1T 1 e85 A8 1 5 20 P RV 4k
Z IR AR, @ IO HT(RDA), BF5E 4~
REAR - A AR S XV 254 25 R TR, ATEAS 1
PSR X A R R T AL A R i P

2 HEREHWH

21 AEMEEASET T EEFERETE

W3 2 fiiw, MBI, ARG AL 3~ + 34k
SRR AR T BEAME . W T A RFESNSOM, TN,
TK. TP), AS[aljiti e Ab 2 4398 v H 5 B e AR 5t 1 TH (Y
e, Hrp, SOM il TN 7& T6 4bHirhixs, TP 1E
T4 AhEi A E s, TK WIYE T1 AR b Tk i
F. T HEBIE(NH,-N, AP, AK), A[RIitEAE AL
PRIERE R BUEEAR EFHR &S, HISTE Te AbFirh ik
Toei o SR, ARG AR AL H 4 3 pH #& R 5L R ka3,
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SRR . A HLIE TR B AU AE X g b 22 3 FE A X S A0 1 A (9 21

89

JUHAE To Ab PP FEARE fcoh B3 AHAFE R A2,
FEFFIEH(T2, T4, TOAE R FiEE T HiEd SOM
B, AR AE VS E (T3 . T4, TS5, T6)Ab BN

AR T IR BRI R X R I
EHh, R AR R AR =, AT A
IR TR K

F2 AEHEAEANIE L2 1% R

Table 2 Soil chemical properties under different fertilization treatments

Qb3 pH SOM(g/kg) TN(g/kg) TP(g/kg) TK(mg/kg) NHZ-N(mg/kg) AP(mg/kg) AK(mg/kg)
CK 6.08+0.08a 122+£0.60d 0.73+£0.02d 043+0.03e 11.12+1.19¢ 8.04+048cd 2482+3.78¢  163.06+6.85f
Tl 529+0.08de 13.03+0.70cd 0.83+£0.08c 0.49+0.03d 1422+1.15a 7.63+£1.60d 66.57+21.87d 171.61+833¢f
T2 537+0.14de 19.42+143b 1.05+0.06b 0.6+0.01c 11.8 £ 1.96 be 743+132d 8556+597c¢c 179.51+7.00de
T3 541+0.18c 1257+3.02¢c 097+£0.03b 0.6+0.03c 11.48+120bc 1043+1.44ab 93+6.03bc  189.88+5.65cd
T4 544+0.11d 21.02+329b 1.16+0.06a 0.78+0.02a 13.57+0.66ab 9.68+1.17bc 105.28+3.92b 197.78 +£1.97 bc
T5 5.72+0.08b 18.15+2.71b 1.16+0.06a 0.65+0.01b 13.71+2.39ab 11.17+0.56ab 134.99+3.89a 207.37+4.78b
T6 527+0.13e 21.02+1.50a 1.19+0.08a 0.64+0.02b 12.23+0.54abc 12.29+1.60a 137.49+6.19a 222.71+1449a

W =R R/ING AR b B ) 22 5 1 25 (P<0.05, n=4),

22 AEEELETHREARLR o 5 p ZHM

T

AR AL PR 3B RERY Chaol A1 Shannon
BT R EMEZE S, TS MEAHETREN o
ZHVEFER EMEZER, WA WA Chaol Hl
Shannon 53 & THEWH(E 1A). #T Bray-
Curtis FEIPEREFER) PCoA S0 B, ARIRALFE T [
b SRR TR YA L AT 25 S (R JERE, =0.37,
P=0.005; FiA258E, —=0.33, P=0.001) (K 1B), It
Fh, FIH UPGMA JZZ RS RIS PR ST 40 1
R ROC R R, ANERTEF E R R 2R
b, XTIRA A PR Y B BOR 25 5%, HtEHIA AL
JIE J 200 AR 7 2E B ) 728 A A oA it P Ak B, LA AR
Z5 (K 2A., 2B).
2.3 AEMEEALNIE T T E T B AR T

AN ] il S Ak 2 A 39 A0 B 7E SR R A S D
B EEIRMEEAEES, BIETKP EFE%E
AFEIE I ](Proteobacteria) . FRFTHE J(Acidobacteriota)
&4 R ] (Chloroflexi). %:F Kruskal-Wallis £
55 &% Wilcoxon Bk A1 55 45 3 (K] 2C. 2D), A[H 4
PRI AR ) 32 22 1] R AE AN ) b 38 b 3R B S OAS [R] 10
Hoo EFEERD, BIRE TR E R W
R AR A . AT TR AR I AL B AR 2 A
g, Hoh T1, T3, T6 Ab3 B & m T AL
LR FERE, JUHE T3 A F R RS A
B, BRATHAT]F R TREES, T1, T3, Te AbH
WAL T IRAF AT R R, LR T3
Qb 3 = B R AIG . R AL, AR BR TR T (Nitrospirota) |
P& % @ ] (Verrucomicrobiota) . 8 #F B [

(Bacteroidota) - /R #AKk MR AR E X7, H
et A b B BB TR TER A SR
e, SEFERBPENLML -8, BRENFEERE L
FHEas, MRRAFE ] FEER TR, s
BARWAE R FEES, HB LS T BNk,
m o E o A w1
(Bacteroidota) . %% [ | ](Planctomycetota) ¥ f& 3
B I, M4 ] (Chloroflexi) 5 4 41 1
I'T(Myxococcota) it T FE % XELGEIREN], 1E
N T) £ i A A 2% 7 T 40 B SV HE 1) B R 5 R
TARFEMAE
2.4 HAETEHINEEN R SRR FRHEXSE
FF Levins AEBNITEREFREU) /TR, ARt
JIEL Kb PR U 25 AR T A R A PR Bl oy, L= 2
AYPREEIE PSR TRAA R (8] 3), it Mantel £
K5 RDA 2007, AWFFEHRT T HREE N 0 4 AE
R, 255K 4A iR . Mantel K de 2t R s,
4IRS T SRR 45, o pH
(= 0.46, P= 0.00){EMEAR; X THAERE, 64
BT R A S5, [FIRE pH X RS 25K (=
0.39, P=0.001)sZiin K. X3 pH Al HEEmm=F
B IR SRR Z, RDA Wit —500E 173X
—Z559L, RDA a5 5RM, i IR 7 FE &
FRA SR E ST fHRE T 39.36% H135.68% (14
R AEA( 4B), FRASHED, pH, AP, AK I TN
SRR AN R S50 RN s B S, 1
BRI IAEIN T35 AK. NH,-N, AP Hil pH.
WAl ABISE R BRAHEE T 5 2 HE, WA S T A2 Ak
B iR

(Patescibacteria) .
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Fig. 1 Diversity of soil abundant and rare sub-communities under different fertilization treatments (A) and PCoA at the OTU level (B)
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Fig. 2 Composition of soil abundant and rare bacterial sub-communities under different fertilization treatments (A, B) and differences at the
level of the top 10 phyla (C, D)
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Fig. 3 Niche breadths of soil abundant and rare bacterial sub-communities under different fertilization treatments
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Fig. 4 The impact of soil physicochemical factors on abundant and rare bacterial sub-communities: Mantel test(A) and redundancy analysis(B)
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